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HYPERSONIC PERFORMANCE, STABILITY AND CONTROL CHARACTERISTICS 
OF A .0075 SCALE MODEL ROCKWELL INTERNATIONAL 089B-139B 
ORBITER CONFIGURATION 

By 

R. W. Powell & 

T. A. Blackstock 

SUMMARY 

An investigation was made in the Langley Continuous Flow Hypersonic 
Tunnel at a Mach Number of 10.3 to study the hypersonic aerodynamic char 
acteristics of a Rockwell International shuttle orbiter configuration. 
Tests were made at a Reynolds number of .79 x 10 6 based on body length 
with an angle-of-attack range of 10° to 35° and sideslip variations of 
+ 1 ° to -9°. The effects of elevon and body flap deflection were 


investigated. 
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INDEX OF DATA FIGURES (CONTINUED) 





nomenclature 

General 


k'.. 

C- 

w 


SYMBOL 

a 

Cp 

M 


SADSAC 

SYMBOL 


CP 

MACH 


DEFINITION 

speed of sound; m/sec, ft/sec 
pressure coefficient; (P]_ - Pa>)/ Q. 

Mach number; V/a 


p 

q 

q(nsm) 

q(psf) 

dynamic pressure; l/PpV 2 , N/m 2 , psf 

rn/l 

V 

rn/l 

unit Reynolds number; per m, per ft 
velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 

P 

EETA 

angle of sideslip, degrees 

4> 

PSI 

angle of yaw, degrees 

<t> 

P 

PHI 

angle of roll, degrees 

mass density; kg/m 3 , slugs/ft 3 



Ab , 



b 

HREF 


c.g. 



^REF 

LREF 


c 


m. 

S 

SREF 

p 

k 


MRP 

tf 


XMRP 

1 


YMRP 

§ 


2MRP 


SUBSCRIPTS 

b 

1 

s 

t 

CO 


base area; m 2 , ft 2 

ving span or reference span; m, ft 

center of gravity- 

reference length or ving mean 
aerodynamic chord; m, ft 

2 ■ 2 

wing area or reference area; nr, ft 
moment reference point 
moment reference point on X axis 
moment reference point on Y axis 
moment reference point on Z axis 


base 

loca] 

static conditions 
total conditions 
free stream 
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NOMENCLATURE (Continued) 
Body-Axis System 



SADSAC 


SYMBOL 

SYMBOL 

DEFINITION 

°N 

CN 

normal- force coefficient- norma ^ ^ orce 

qS 

C A 

CA 

■:xiai-force coefficient; axial force 

qS 

Cy 

CY 

side -force coefficient; £ ^-^ e ^ Qrce .. 

q s 

C 'b 

CAE 

base -force coefficient; base force 

q“ 

-A b (p b - Peo)/qS 

C Af 

CAF 

forebody axial force coefficient, 

Cm 

cm 

pitching-moment coefficient; pitching moment 

qSlREF 

Ch 

CYN 

yawing-moment coefficient; yawing moment 

qSb 

C l 

CBL 

rolling-moment coefficient; r P^ in £ momer ?-t 

qSb 



Stability-Axis System 

C L 

CL 

lift coefficient; 

qS 

CD 

CD 

dr3g coefficient; drag 


qS 

C ^b 

CDB 

base-drag coefficient; base dreg 

qS 

C Df 

CDF 

forebody drag coefficient; C D - 

Cy 

CY 

side-force coefficient; 3lde ^ orce 

qS 

Cm 

CLM 

pitching-moment coefficient; pitching. moment 

qs/RE r 

C- 

cm 

yawing-moment coefficient; y awln 6 moment 

qSD 

l 

CSL 

rolling-moment coefficient; r0 . 1 A.^B.. n 9 ll ^I > .^ 

l/d 

l/d 

lift-to-dreg ratio; Cj/Cq 
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NOMENCLATURE (Concluded) 
ADDITIONS TO STANDARD LIST 


* 


SYMBOL 

PLOT 

SYMBOL 

DEFINITION 

Cy/3 

dcy/db 

side force coefficient derivative with sideslip 
angle, dCy/dP , per degree 

C n0 

DCYNDB 

yawing moment coefficient derivative with sideslip 
angle, dC n /d0, per degree 

Q b 

DCBLDB 

rolling moment coefficient derivative with sideslip 
angle, dC^/dfi, per degree 

CY «Ja 

dcy/da 

side force coefficient derivative with aileron 
deflection, dC Y /d6 a , per degree 

Sa 

DCYNDA 

yawing moment coefficient derivative with aileron 
deflection, dC n /di a , per degree 

C U 6 

DCBLDA 

rolling moment coefficient derivative with aileron 
deflection, dcf/di B , per degree 

^ e L 

- 

left elevon deflection, trailing edge down positive 


- 

right elevon deflection, trailing edge down positive 

ia 

AILRON 

elevon deflection for roll control |(iei, ■ ^ e R)/^J» 
degrees 

ie 

ELEVTR 

elevon deflection for pitch control, 
\U Je L + ie R )/ 2 ]> de e rees 

6bf 

BDFLAP 

body flap deflection, trailing edge down positive, 


degrees 
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TEST FACIEI 1Y DESCRIPTION 


The Much 10 nozzle of the Langley continuous flow hypersonic tunnel 
is designed to operate at stagnation pressures of 15 to liO atmospneres at 
temperatures up to J960°R. Air is preheated electrically by passing 
through a multi-tube heater. 'ihe nozzle has a 31-inr't, square test section 
which incorporates a moveable second minimum. Continuous ope.ation is 
achieved by passing the air through a series of compressors. Additional 
information on this facility is given in NASA TM X-lHO "Char- 

acteristics of Major Active Wind Tunnels at the Langley Research Center," 

by William T. Schaefer, Jr. 


CONFIGURATION INVESTIGATED 

The configuration tested was a 0.0075 scale model of a blend of 
Rockwell International shuttle configurations. The model consisted of a 
089B configuration with a 139B configuration nose forward of F.S. 500. 

A sketch of the model is shown in figure 2. All of the tests were made 
with the rudder flared to form a 10° wedge vertical tail. Tests were made 
with elevon deflections ranging from +10° to -40° r»nu body flap deflec- 
tions of 0° and -14.25°. 


DATA REDUCTION 

A LaRC POVjk six-component strain gage balance was used to measure 
orbiter aerodynamic forces and moments. All data are presented about a 
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t enter of gravity located at 6 5 percent of the body length. Data were 

converted to standard HASA coefficients using the following constants: 
Reference area, S ref = wing planform area = 21.7886 sq. in. 
Reference length, c = wing mean aerodynamic chord = 3-561 in. 
Reference span, b re f = wing span - 7- O'- 5 in- 



TABLE I. TEST CONDITIONS 
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TABLE III. 

MODEL DIMENSIONAL DATA 


MODEL COMPONENT ■ BODY - Q89B-139B (Modeled Hose) 

GENERAL DESCRIPTION : Nose section from full-scale station 238.0 to 
STA» 300 from NAR drawing VL70~QQQ^39B« Remaining body AFT of STA 5 00 

from WAR drawing VL70-000093 - — 

Scale Model ~ *0075 — 

DRAWING NUMBER : . VL70-000093 — 


DIMENSIONS 

Length 
Max Width 
Max Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 

Planform 

Wetted 


FULL SCALE 

1290 . 3 

265.0 

248.0 


4.869 


MODEL SCALE 

9-677 

1.988 

1.860 


4.869 


456.40 


.02567 


Base 


TABLE III. MODEL COMPONENT DIMENSIONAL DATA (CONTINUED) 


MODEL COMPONENT : EIEVON 

GENERAL DESCRIPTION: CONFIGURATION PER LIK ES VL70-OQQQQ1 

DATA FOR (i) OF (2) STUBS — 


MODEL SCALE = .0075 


DRAWING NUMBER: VLTO-oomm 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area 

205*511 — 

, .QJJL& 

Span (equivalent) 

•,3a. 3k 

2.6,52 

Inb'd equivalent chord 

•Ilk. 78 

;86l 

Outb'd equivalent chord 

55.00 

j.kl3 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equiv. chord 

-908 

.208 

At Outb'd equiv. chord 

JjOO 

-JtOQ 

Sweep Back Angles, degrees 



Leading Edge 

•0.02 

(L2Q 

Trailing Edge 

-10.02 

-J0.-02 

Htngellne 

0.00 

QjjOO 

Area Moment (Normal to hinge 11*ne)-ft3 

15^ -07 

.000,653 


TABLE III. MODEL COMPONENT DIMENSIONAL DATA (CONTINUED) 

MODEL COMPONENT: WING 

GENERAL DESCRIPTION: Orbiter Configuration per Lines VLT 0-000093- 
NOTE: (Dihedral angle is defined at the lower surface of the wing at the 

75-33# element line projec ted into a plane perpendicular to the FRL). 
SCALE MODEL = .0075 


DRAWING N UMBER: VL70-000093 

DIMENSIONS : 

TOTAL DATA 


Area 

Planform 

Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Wing Sta. 0.0) 
Tip, (equivalent) 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 
Root 
Tip 

EXPOSED DATA 


Area 

Span, (equivalent) 
Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


FULL-SCALE 


2690.00 


936.66 


1.177 
0.200 
3. r )00 
3.000 
+3.000 


45.000 

-10.2V 

35.209 
689.2 4 


137.85 




299.20 


jggaHL 



562.1*0 

He 

m-oi 


399,20 


MODEL SCALE 


.1513 


7.0^5 
' 77555" 
1.177 
0.200 
3.500 
3.000 
+3.000 


1 * 5.000 

-IO.2V 

3 2 , » «SL 

_^9 

1.034 

jS 

=m 

1.366 



4.218 

1 . 03 V 

2.252 

1.078 
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TABLE III. MODEL COMPONENT DIMENSIONAL DATA (CONTINUED) 


MODEL COMPONENT: 


GENERAL DESCRIPTION: Centerlioe. 


rounded fading egge. 




TABLE III. MODEL COMPONENT DIMENSIONAL DATA (CONCLUDED) 



DRAWING NUMBER: 


VL7Q -000095 


DIMENSIONS: 


Area 

Span (equivalent) 

Inb'd equivalent chord 
Outb'd equivalent chord 


Ratio movable surface chord/ 
total surface chord 


At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
Hingeline 


so 


FULL-SCALE 


201.0 


31 * 585 - 




0.400 


o.uoo 


34.83, 


26.25 


34.83 


Area Moment (Normal to hinge li‘ne)-ft 3 . *>26. 121. 


MODEL SCALE 


.00598- 


1.508 


ML 


Ml 


jUi OQ- 


0.400 


MM. 




34.81, 


.2B22L 





Figure 1. - Axis Systems 
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ELEVATOR DEFLECTION ON BASIC LONGITUDINAL CHARACTERISTICS 
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EFFECT OF AILERON DEFLECTION ON LAT .-DIRECT ICMAL DERIVATIVES 
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DEFLECTION ON BASIC LONGITUDINAL CHARACTERISTICS 




















DERIVATIVES FOR OPPOSITE CONTROL DEFLECTION 



COMPARISON OF AILERON DERIVATIVES FOR OPPOSITE CONTROL DEFLECTION 
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AEROOYNAMIC CHARACTERISTICS IN SIDESLIP (ELEVATOR 
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APPENDIX 


TABULATED SOURCE DATA 


Plotted data listings available on request 
from the Data Management System. 
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